An investigation was carried out for two successive years to study a possible correlation between B chromosomes and male sterility in a strain of Planrago coronopus, obtained from France. Data based on a study of 40 plants (26 B chromosome carriers and 14 non-carriers) clearly showed a lack of any relationship between B chromosome and male sterility.
INTRODUCTION
B chromosomes have been known since 1927, when Longley reported them in maize. Detailed investigations on different aspects of B chromosomes have since been carried out in various plant genera, such as maize, rye, Trigonella etc. The most important aspect of B chromosomes, is their possible effect on endo-and exo-phenotypes of the plant. It is worth noting that the B chromosomes have mostly been thought of as inert, having no effect of their own. When present in large numbers, the B chromosomes have been shown clearly to affect the vigour and fertility (Randolph, 1941; Muntzing, 1949; Hakansson, 1957) . Rees and Hutchinson (1973) suggested possible associations between certain ecological conditions and B chromosomes in rye. Roman (1948) reported differential fertilisation by non-carrier and carrier pollen grains in maize. This was also found in Impatiens balsamina at our laboratory (Raghuvanshi and Singh, 1976) . Their effect on genetic recombination has been clearly demonstrated in rye (Jones and Rees, 1967) , Trigonella foenutn-graecum (Pant and Raghuvanshi, 1980) and Impatiens balsamina Singh, 1976 and Mahajan, 1982) . However, in exo-phenotype, evidence presented so far has frequently been unconvincing. This was the case in the report by Paliwal and Hyde (1959) concerning an association between the presence of a single B chromosome and male sterility in Platago coronopus.
We studied B chromosomes from different angles, and also investigated the relationship of B chromosomes with possible location of male sterility gene on the B chromosome of Plantago coronopus, as reported by Paliwal and Hyde (1959) . They originally obtained their material from IARI, Delhi, but inspite of all possible efforts, the material we obtained from the same source did not germinate. Efforts to obtain seeds the following year also failed. Therefore, our material was obtained from Jardin Botanique de L' Université Louis Pasteur de Strasbourg, France, from a natural population.
The seeds of Plantago coronopus, were grown to raise a population. One generation required about three months to flower. The young spikes were fixed in acetic-alcohol (1 :3) containing iron for 24 hrs, for cytological analysis. The squashes were made in acetocarmine stain. An ethanolbutanol schedule was used to make permanent slides.
For pollen infertility studies, mature anthers were squashed in a single staining solution (Alexender, 1969) . The staining solution was made by compounding it in the following order (dyes were from British Drug Houses): ethanol, 10 ml; 1 per cent malachite green in 95 per cent ethanol, 1 ml; distilled water, 50 ml; glycerol, 25 ml; phenol, 5 gm; chioral hydrate, 5 gm; acid fusion 1 per cent in water, 5 ml; orange G, 1 per cent in water, O5 ml; and glacial acetic acid, 1-4 ml.
To obtain the best results, the staining solution was acidified with glacial acetic acid in differentiation, giving green pollen walls and red protoplasm. The staining was hastened by flaming the slide. In a typical stain, fertile pollen grains were red and sterile ones green.
RESULTS
The number of chromosome in this species was found to be n =5, confirming the report by earlier workers (McCullagh, 1934; Love and Love, 1944; Hyde, 1953) . When our population was screened, it was found to consist of B chromosome carrier and non-carrier plants. In non-carrier plants, the five homologous chromosomes paired normally ( fig. 1 ). The rest of their meiotic stages were also normal ( fig. 3) . In carrier plants, besides 5 pairs of homologous chromosomes, a small sized euchromatic B chromosome ( fig. 2 ) which stains similarly to A chromosomes, was also present. During the prophase stages, it undergoes normal condensation, along with other chromosomes. It is frequently not oriented at the equator of spindle and may occupy a position near the metaphase plate and lie at random anywhere. At Anaphase I, it may be oriented between the two poles, does not divide and may move to either of the poles undivided ( fig. 4) . In comparison to the other chromosomes, it is late moving, but is able to reach the poles and be included in telophase I. This B chromosome appears to divide at anaphase II and is passed on to the gametes.
At metaphase I, the averages of chiasma frequency, for 26 carrier and 14 non-carrier plants, showed that the carriers and non-carriers had the chiasma fiequency values 0655 O029 and 0678 0032 respectively.
The average chiasma frequency of carriers was lower than that of noncarriers. Within carrier plants, carrier PMCs had a lower chiasma frequency, i. e., 0•614±0•049 than non-carrier PMCs, i. e., 0662±0031. The noncarrier PMCs of carrier plants had a lower frequency than PMCs of the non-carrier plants. Statistically, this was not significant. There was no correlation between the frequency of cells having B chromosomes and chiasma frequency in carrier plants. Chiasma frequency ranged from O.531±O•025 to 0733±0.021 and 0577±0•018 to 0•765±0•029 in carrier and non-carrier plants respectively. Although the minimum and maximum values of chiasma frequency were lower in carrier plants than in non-carrier plants, statistically the differences were not significant. There was a significant variance ratio between nuclei and within nuclei. These results cover the investigations spread over two seasons (1980-81 and 1981-82.) In the first season, of 20 plants screeened, 16 were B chromosome carriers. The second season's progeny were grown from mixed seeds, obtained from the previous year's population. Of 20 plants screened from this population, only 10 were carriers. Thus, these observations cover investigation of 40 plants, 26 of which were carriers. It may be mentioned that the studies of behaviour of B chromosomes and pollen fertility over two years were similar, so the data has been pooled for drawing conclusions.
The B chromosome carrier plants are phenotypically indistinguishable from non-carriers. It is worth noting that out of 26 B chromosome carrier plants investigated, the pollen fertility ( fig. 5 ) ranged from 0•0 per cent to 989 per cent (1. e., the pollen sterility from 100 per cent to 11 per cent). A similar range of fertility from 00 per cent to 100 per cent (i.e., pollen sterility from 100 per cent to 00 per cent) was displayed by the non-carriers.
It is apparent from fig. 7 that though non-carriers show slightly better pollen fertility (i. e., lower pollen sterility) than carriers, but the distribution of different levels of sterility does not appear to show any clear correlation with the presence or absence of B chromosomes. The B chromosome carrier plants show up to 989 per cent fertility. This is in sharp contrast to the observation of Paliwal and Hyde (1959) . In their material all the B chromosome carrier plants were totally sterile. The seed setting in plants displaying higher pollen sterility was extremely poor. Regarding genetic activity of B chromosomes, generally they produce no marked phenotypic effect. Jones (1975) reported two exceptional examples, both from plants; Haplopapus gracilis (Jackson and Newmark, 1960) , in which the colour of achenes changed from brown red to dark purple by the presence of B chromosomes, Plantago coronopus, in which Paliwal and Hyde (1959) showed that B chromosomes induced complete male sterility in the carrier plants. Working on breeding systems of different species of Plantago, Ross (1970) obtained data which was difficult to reconcile with the association between B chromosome and male sterility. It may be mentioned that Ross obtained seeds of Plantago coronopus from Dr Hyde.
Our studies conclusively proved that the presence of B chromosomes were not responsible for male sterility in our sample of Plantago coronopus. These studies were initially carried out using 20 plants in one generation and a further 20 plants in the second generation. Results of the two-year study have not shown any relationship between presence or absence of B chromosomes and male sterility. Male sterility in both carrier and noncarrier plants is manifested equally. Furthermore, there is no correlation between male sterility and percentage of carrier PMCs in the carrier plants.
